Both floral development and evolutionary trends of orchid flowers have long attracted the interest of biologists. However, expressed sequences derived from the flowers of other orchid subfamilies are still scarce except for a few species in Epidendroideae. In order to broadly increase our scope of Orchidaceae genetic information, we updated the OrchidBase to version 2.0 which has 1,562,071 newly added floral non-redundant transcribed sequences (unigenes) collected comprehensively from 10 orchid species across five subfamilies of Orchidaceae. A total of 662,671,362 reads were obtained by using next-generation sequencing (NGS) Solexa Illumina sequencers. After assembly, on average 156,207 unigenes were generated for each species. The average length of a unigene is 347 bp. We made a detailed annotation including general information, relative expression level, gene ontology (GO), KEGG (Kyoto Encyclopedia of Genes and Genomes) pathway mapping and gene network prediction. The online resources for putative annotation can be searched either by text or by using BLAST, and the results can be explored on the website and downloaded. We have re-designed the user interface in the new version. Users can enter the Phalaenopsis transcriptome or Orchidaceae floral transcriptome to browse or search the unigenes. OrchidBase 2.0 is freely available at http://orchid base.itps.ncku.edu.tw/.
Introduction
With an estimated 25,000 species, the family of Orchidaceae is the most species rich of all angiosperm families (Atwood 1986 ), representing about 10% of angiosperm species. According to molecular phylogenetic studies, Orchidaceae comprise five subfamilies, namely Apostasioideae, Vanilloideae, Cypripedioideae, Orchidoideae and Epidendroideae. Apostasioideae are monophyletic and sister to a clade comprising four clades. Vanilloideae are sister to a monophylum of Cypripedioideae, Orchidoideae and Epidendroideae. Cypripedioideae is sister to a clade that comprises Orchidoideae and Epidendroideae ( Fig. 1 ; Kocyan et al. 2004 , Górniaka et al. 2010 . Both Apostasioideae and Vanilloideae subfamilies are relatively poor in numbers of genera and species. Most of the taxonomic diversity in orchids is encompassed by two recently expanded sister subfamilies: Orchidoideae and especially Epidendroideae, which together encompass >95% of living orchid species (Górniaka et al. 2010) .
The occurrence of strong zygomorphy in certain major plant groups such as orchids is a key innovation that prompted subsequent adaptive radiations (Endress 2001) . Within Orchidaceae, members of the bigeneric subfamily Apostasioideae (Apostasia and Neuwiedia) form two or three fertile stamens and, in contrast to all other orchids, only the basal part of each filament is united with the style. In addition, Apostasia has a non-resupinate flower with actinomorphic perianth lacking a recognizable labellum. The common features of the Cyperipedioideae flower are two fertile diandrous (i.e. with two perfect stamens) anthers, a shield-shaped staminode and slipper-shaped pouches (modified labellums). The other three orchid subfamilies are monandrous, wherein Plant Cell Physiol. 54(2): e7(1-8) (2013) doi:10.1093/pcp/pcs187, available online at www.pcp.oxfordjournals.org ! The Author 2013. Published by Oxford University Press on behalf of Japanese Society of Plant Physiologists. All rights reserved. For permissions, please email: journals.permissions@oup.com only the median stamen of the outer whorl is fertile and the laterals are reduced. In Apostasioideae and Cypripedioideae, pollen is shed as single, sticky grains, whereas in monandrous orchid pollen are fused together into pollinia. The pollinia in Vanilloideae and Orchidoideae are soft, whereas they are hard in Epidendroideae. The labellum and gynostemium (together conferring strong floral zygomorphy) are commonly invoked as a vital pairing for attracting, and interacting with, the airborne pollinators that are widely regarded as the primary cause of the extraordinary species richness of the family (Kocyan and Endress 2001) . It was obvious during the earliest phases of the evolutionary-developmental genetic revolution that the strong morphogenetic differentiation among orchids makes them potentially excellent models, but their large genome size, relatively long life histories and inefficient transformation system are less conducive (Rudall and Bateman 2002, Hsiao et al. 2011a) . Comprehensive collection of Orchidaceae floral transcriptomes from primitive orchids to higher Epidendroideae (Kocyan et al. 2004 ) will advance our understanding of both conservation and dynamics in the evolution of the floral genetic program of orchid.
The genomic sequence resources currently available for orchids are still limited. However, recent large-scale orchid expressed aequence tag (EST) sequencing provides plentiful information on the transcriptional portion of the orchid genome (Tan et al. 2005 , Teh et al. 2010 , Fu et al. 2011 , Hsiao et al. 2011b , Su et al. 2011 . These studies have highlighted the utility of cDNA sequencing for discovering candidate genes for orchid floral development (Tsai et al. 2004 , Tsai et al. 2005 , Tsai et al. 2008 , Wang et al. 2011 , Chen et al. 2012 , floral scent production , Hsiao et al. 2008 or flowering time (Wang et al. 2008) in the absence of a genomic sequence.
Previously, an EST database harboring floral gene resources from basal angiosperms was created to bridge the evolutionary gaps between model plants and provide insights into gene content and genome structure in the earliest flowering plants (Albert et al. 2005 , http://fgp.bio.psu.edu/). However, extant species belonging to Orchidaceae were not included in this project. Even in the recently launched 1,000 plant genomes project which will make efforts to sequence 1,000 plant transcriptomes by Illumina Solexa, only two species (Drakaea elastica and Haemaria discolor) in Orchidoideae are listed as having their floral transcriptome sequenced (http://www.onekp. com/samples/list.php?set=angiosperm). Very recently, we established the OrchidBase collecting the transcriptome sequences from Phalaenopsis cDNA libraries and assembled them into 84,617 non-redundant transcribed sequences (including 8,501 contigs and 76,116 singletons) (Fu et al. 2011) . The OrchidBase contains the transcriptome sequences derived from 11 Phalaenopsis orchid cDNA libraries. The EST sequences collected in OrchidBase were obtained through both deep sequencing with ABI 3730 and next-generation sequencing (NGS) with Roche 454 and Solexa. The OrchidBase provides researchers with a high-quality genetic resource for data mining and efficient experimental studies of orchid biology and biotechnology. For comprehensive collection of orchid floral transcriptomes, two species in each orchid subfamily were chosen ( Fig. 1) . With the advanced sequencing technologies, we adopted NGS Solexa Illumina to generate orchid floral transcribed sequences. A total of 662,671,362 reads were generated from 10 orchid species. After assembly, the updated OrchidBase contains 156,207 non-redundant transcribed sequences (unigenes) for each species on average. Besides the common approach of providing data stocks of ESTs, the OrchidBase also integrates comprehensive information, including information on clusters, annotations, gene ontology (GO), assignment to metabolic pathways and prediction of the gene network. Information can be retrieved using text searches, query assistant or BLAST searches.
Implementation and Architecture
OrchidBase 2.0 is an orchid EST database for EST data management and analysis. OrchidBase 2.0 architecture is composed of a web interface, a SQL Server database management system and a windows application. The web interface is implemented in static HTML pages and the latest .NET (Microsoft .NET framework 4) software technology (asp.net/c#) which is dynamically executed for querying the database to allow retrieval of unigenes based on BLASTX hits and other functional annotation results. It operates under IIS 7.0 on Microsoft Windows Server 2008 R2. In addition, it also offers a webservice interface, based on XML and simple object access protocol (SOAP) Web Services. The SQL Server system is used to store the collected sequence information and the analyzed data. The windows application that performs sequences analysis, Perl and the C# program were used to parse data automatically and the construct database, and use a number of open source tools and technologies for improving database coverage, user interface and system performance.
OrchidBase 2.0 is designed to store and explore the vast amount of ESTs implying complex biological information.
Sequence information and corresponding annotation in each library constructed separately from various cDNA libraries can be accessed and searched through the web application.
Expanded Database Content
The updated OrchidBase has 1,562,071 newly added unigenes collected from flower buds of 10 orchid species, i.e. Apostasia shenzhenica and Neuwiedia malipoensis (Apostasioideae), Vanilla shenzhenica and Galeola faberi (Vanilloideae), Paphiopedilum armeniacum and Cypripedium singchii (Cypripedioideae), Habenaria delavayi and Hemipilia forrestii (Orchidoideae), and Phalaenopsis equestris and Cymbidium sinense (Epidendroideae) ( Table 1) . The detailed species descriptions and the number of total reads, number of unigenes and average size of unigenes for each species can be directly queried from the Release Summary at the website of the database. The EST data were divided into two parts: the Phalaenopsis Transcriptome which contains ESTs derived from different tissues, various developmental stages and biotic-or abiotic-stressed Phalaenopsis plants (Fu et al. 2011 , http://orchidbase.itps.ncku.edu.tw/est/releaseSummary2012. aspx#pt), and the Orchidaceae Floral Transcriptome which includes ESTs collected from mature flower buds of 10 orchid species across five subfamilies of Orchidaceae ( Fig. 2A) . A detailed content comparison between the OrchidBase (release 1.0) vs. the OrchidBase (release 2.0) is provided in Table 2 . As seen in Table 2 , the latest release of the OrchidBase now has detailed information on >1.6 million Orchidaceae unigenes, representing an expansion of nearly 19-fold over what was previously contained in the database. This increase is primarily a result of the significant expansion of species across five subfamilies of Orchidaceae and adoption of NGS Solexa Illumina technology. In previous releases of OrchidBase, only transcriptomes of three Phalaenopsis species (Epidendroideae) were sequenced by using traditional Sanger sequencing and NGS (Roche 454 and Solexa Illumina). 
Searching the Database
The OrchidBase 2.0 is a highly efficient, web-accessible relational database. It provides several tools to search cleaned and assembled EST sequences, annotated information and GO), pathway information as well as gene network prediction.
The database is freely accessed through a web interface, and data can be queried via three main parts. annotation, E-value, GO, Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway mapping and gene network prediction. Users may input and submit keywords or Gene ID to the server using the web interface. ESTs and annotated function data are in the relational database and results will be sent back to the users in proper formats in response to a query. Search options include simple searches by using a keyword or Gene ID (Fig. 2a) .
(ii) Functional Annotation and Analysis: in the OrchidBase, we used well-annotated GO information to interpret the classification of ESTs by GO vocabularies (Ashburner et al. 2000) . The 'Gene Ontology' page includes the information for distribution of the three categories (biological processes, cellular components and molecular functions) based on GO for all the sequences (Fig. 2b) . The 'Metabolic Pathways' page also provides access to the pathway information in KEGG (Kanehisa et al. 2004) . This is useful for mapping and investigating the relationships among a whole system of annotated EST sequences and is especially valuable for those who are interested in biological pathways (Fig. 2b) . In addition, a new function of gene network prediction based on the 96,221 protein-protein interactions (Brandão et al. 2009 ) was included in this version. The 'Gene Network' page was developed for searching and building interaction networks among EST sequences (Fig. 2c) . The 'Multiple Gene Network Analysis' page allows users to analyze the interaction network among a group of genes (Fig. 2d) . This function might provide a useful strategy to explore interactomes underlying orchid floral development. (iii) Sequence Similarity Search: BLASTN, TBLASTN and TBLASTX searches can also be performed against the OrchidBase 2.0. The search output contains information about the EST and contig names, and sorts by E-value and sequence ID (Fig. 2e) .
Improvement of User Interface
We have redesigned the web interface for OrchidBase 2.0 which has a uniform interface for the Phalaenopsis transcriptome Table 2) . The most obvious change is the GO browser.
In the first version, the pie-chart provides only the distributions of GO terms in each library. In OrchidBase 2.0, a gene list for each GO category, and GO terms of each unigene have also been provided in the GO web page. In addition, in Metabolic Pathway (Tree view) of the first version, when users select multiple genes with checkboxes, it is not easy to identify which unigene is related to the enzyme in the KEGG viewers. In this version, the Arabidopsis locus number is shown directly behind the checkbox and unigene. The improvement helps users to find corresponding information efficiently. Furthermore, in the Metabolic Pathways (List view) browser, a search function for contig name, KEGG pathway name and Arabidopsis locus number has been added in this version. While accessing the resource through web browsers is an easy and intuitive way for most users, the web service is efficient for advanced users to access and integrate data into their own sites. We have recently implemented a range of web services that allow machine interoperable access to OrchidBase 2.0. Currently, the web services cover the following basic operations: annotation of EST sequence based on an accession or identifier and several query conditions in a single search service. In the coming months, we plan to add services that allow the automatic download of alignments and searching of sequences. We implemented a standard web service interface for OrchidBase 2.0 (http://orchidbase.itps.ncku.edu.tw/EST/ WebServices/getESTbySearch.asmx?WSDL). A demo for client implementation in ASP.NET is available to help users to become familiar with the web service interface (http://orchidbase.itps.ncku.edu.tw/EST/WebServices/client.aspx).
Conclusion and Future Direction
The updated OrchidBase 2.0 has many newly added Orchidaceae floral expressed sequences. The OrchidBase 2.0 is not only an exclusively broad worldwide orchid EST database, but also the most useful one which includes sufficient information on genes that are representative of the characteristics of orchids in aspects of evolution. In addition, the distribution of Orchidaceae species covers highly diverse habitats. These provide rich resources to better understand the genetic basis of adaptation to different pollinators and habitats that in turn leads to rapid speciation. Furthermore, plant scientists may use the OrchidBase resource and the comparative method to address a number of conspicuous evolutionary genomic questions, including reproductive organ transcriptome overlap among plant species, genome-wide duplication history, identification of lineage-specific duplications and functional divergence, and analyses of adaptive molecular evolution.
There are other unique features, such as ovule development, embryo and seed development, epiphytism, secondary metabolism, mycoheterotrophy, etc., for orchid biology. Collection of transcribed sequences related to these processes is also of interest to us. In addition, an oligonucleotide microarray based on Phalaenopsis expressed sequences has been developed and applied to analyze expression profiles of different types of Phalaenopsis orchid perianth (Hsiao et al. 2013 ). In the future, an index of the expression profile of each orchid unigene will be our goal. As Phalaenopsis genome data become available, they will be imported into the database, and these transcribed sequences will also be mapped to the genome.
Availability
The OrchidBase 2.0 is freely available at http://orchidbase.itps. ncku.edu.tw/. All questions, comments and requests should be sent by E-mail to tsaiwc@mail.ncku.edu.tw.
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